In order to understand and improve the superconducting performance of niobium thin films at cryogenic temperatures, an energetic vacuum deposition system has been developed to study deposition energy effects on the properties of niobium thin films on various substrates. Ultra high vacuum avoids the gaseous inclusions in thin films commonly seen in sputtering deposition. A retarding field energy analyzer is used to measure the kinetic energy of niobium ions at the substrate location. A biased substrate holder controls the deposition energy. Transition temperature and residual resistivity ratio (RRR) of the niobium thin films at several deposition energies are obtained together with crystal orientation measurements and atomic force microscope (AFM) inspection, and lhe results show that there exists a preferred deposition energy around 115eV (the average deposition energy 64 eV plus the 51 V bias voltage).
INTRODUCTION
The successful running of LEPZ using a NbiCu technique demonstrated the significant advantages of niobium thin film technology in particle acceleraton [I] . Due to the huge cost savings, a future accelerator for muodneutrino physics calls for accelerating structures made using thin film technology [2] . While the advantages of a thin film cavity make it very attractive to future accelerator applications, the current magnetron sputtered NbICu cavity has much lower Q value comparing to solid niobium cavities at higher field, [3] which limits the broader adoption for particle accelerators Different processes are being tried to improve niobium thin films, including post-deposition laser annealing [4] , DC post-magnetron sputtering deposition [SI, biased DC magnetron sputtering [6] and vacuum arc deposition [7- For the aspect of thin film growth, the higher surface adatom mobility [9] and the vacuum condition are believed helpful to get better film quality as required for superconducting material like niobium. For a niobium thin film on a copper substrate, increasing the substrate temperature is not an option to achieve greater surface adatom mobility. Some processes such as ion-assisted deposition, biased magnetron sputtering, ionized magnetron sputtering, vacuum arc deposition and
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To take advantage of the high vacuum condition and the capability of controllable deposition energy, the electron cyclotron resonance (ECR) plasma metal ion source is selected as an energetic deposition system to study lhe niobium thin film deposition at different deposition energies. To better control the substrate quality, sapphire substrate is used for most of the films.
For niobium thin films deposited at different energies, transition temperature and residual resistivity ratio (RRR) are measured. Crystal orientation is checked through Xray diffraction and film surfaces are inspected by an Atomic Force Microscope (AFM).
THE ENERGETIC DEPOSITION SYSTEM
The metal ion source can he achieved by applying ECR to an evaporated or sputtered metal flux [IO-111. To generate refractory metal ions such as niobium inside a vacuum condition, a thermionic electron gun is used to create the neutral niobium flux, and an ECR chamber is used to convert the neutral niobium atoms to niobium plasma. The energetic niobium ions are extracted to a biased substrate [IZ]. The niobium ion energy dishibutian under certain plasma conditions is measured by a retarding field enngy analyzer at the substrate location. The result is shown in figure 1.
The vacuum pressure before the deposition is as low as 9 . 0~1 0 .~ torr, changes to 1.0~10" torr during the film deposition in the vacuum chamber and will be significantly lower in the ECR chamber. The majority of the residual gas is hydrogen. The deposition rate averaged 4 us.
TRANSITION TEMPERATURE MEASURED BY AC INDUCTION
The transition temperature is obtained through magnetic shielding ability measured by the AC induction method. Care has been taken to minimize the edge effect and the driven signal is at low voltage magnitude as shown in figure 2 (2. v~oIts over 100 Q current limiting resistor). 
RRR
The RRR value bas been measured with a four-point resistive method and is defined as the ratio of resistivity at 300 Kelvin to the resistivity at IO Kelvin. Table I The film deposited at negative 51V substrate bias was checked by an AFM. The surface morphology shows unusually long narrow grains compared with the round dome-shaped grains seen in films at lower substrate hias voltage.
CONCLUSION
From the results shown in this report, it is concluded that a reasonably high RRR niobium thin film with excellent superconducting transition temperature and width can be achieved through controlled energy deposition in high vacuum. The RRR appears to be more closely related to the film thickness than to the deposition energy. Deposition energy around I IS eV is believed to be the preferred value based on the transition width, the crystal orientation spread, and the AFM results. The AFM surface inspection shows that the surface morphology is affected by the ion impact energy. The X-ray diffraction analysis shows the niobium thin film has a preferred crystal orientation when deposited on sapphire. 
